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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.
Background: Environmentally safe CsPbBr,/MXene/
MWCNTs hybrid nanocomposites are of considerable

interest, owing to the integrated functional properties of their
components. The MXene and perovskite clusters have potential
applications in various optoelectronic and biomedical fields.
The hybridization of MXenes and CsPbBr, perovskite with
charge-transport/hole-diffusion-supporting MWCNTSs further
enhances their charge—carrier transport characteristics. Herein,
the preparation and utilization of the prepared nanomaterials for
biomedical health-related applications are discussed.

Methods: A CsPbBrs/MXene/MWCNTSs hybrid
nanocomposite was synthesized using a controlled solution-
based process, followed by structural and optical characterization
via transmission electron microscopy (TEM), X-ray diffraction
(XRD), and UV—Vis spectroscopy. The functional properties
were evaluated not only in the context of optoelectronic
performance but also with a focus on their potential relevance to
biosensing, photothermal therapy, and non-invasive diagnostic
applications. Photoluminescence (PL) intensity characteristics,
surface morphologies, and crystal structures are examined. The
prepared hybrids exhibit stronger PL intensities than individual
CsPbBr, NCs. The MWCNT content in the hybrids greatly
influences charge transport and shift properties.

Results: The composite exhibited high crystallinity, stable
interfacial bonding, and a broadened light absorption spectrum
spanning 400—1100 nm. MXene layers acted as both conductive
pathways and protective barriers against environmental
degradation, while MWCNTs reinforced mechanical stability
and facilitated rapid charge transfer. These synergistic effects
are directly relevant to the development of eco-friendly medical
devices, offering improved operational stability, high signal
fidelity, and prolonged functional lifespan without introducing
harmful by-products.

Conclusion: The CsPbBrs/MXene/MWCNTs  hybrid
nanocomposite represents a promising material platform for
next-generation medical technologies. Its combination of
environmental safety, biocompatibility potential, and superior
optoelectronic properties opens avenues for safe, sustainable,
and high-performance applications in biosensors, diagnostic
imaging, and targeted therapy. Further in vitro and in vivo
studies are recommended to validate its compatibility with
human health applications.

Key words. X-Ray diffraction, perovskite, longevity, MXene,
nanocomposites.

Introduction.

Hybrid nanocomposite materials are ideal for a wide range
of fields and applications. Devices and sensors operating in
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biomedical media require biocompatible constituent materials
and careful consideration of the materials’ environmental
impact [1,2]. Recent investigations include the preparation of
CsPbBr,/MXene/MWCNTs (multilayer carbon nanotubes)
nanocomposites with enhanced luminescence and excited-state
dynamics for optoelectronic applications [3]. Interest in lead
halide perovskites, particularly CsPbBr,, has been driven by
their superior structural, optoelectronic, and photoconductive
performances. However, the electrical conductivity in CsPbBr,
is low, restricting both charge transport and spread [4,5]. Two-
dimensional layered materials, especially MXenes, have been
applied to perovskite composites to enhance these properties;
MXenes offer structural stability and electrical conductivity [6].

In this context, materials like CsPbBr,, MXene, and multi-
walled carbon nanotubes (MWCNTs) emerge as promising
candidates to address these limitations and enhance device
performance. CsPbBr, crystals are perfect for light-
absorbing layers because of their outstanding optoelectronic
characteristics, which include a high absorption coefficient
for visible light photons and an excellent bandgap (~2.3 eV)
in addition to superior charge carrier mobility. MXenes (e.g.,
Ti3C2Tx) efficiently transport and enhance charge and reduce
energy losses at interfaces thanks to their structural flexibility
and extremely high electrical conductivity (~10000 S/cm). In
the meantime, MWCNTSs provide improved environmental
stability, strong electrical conductivity, and mechanical
reinforcement—all of which are essential for long-term device
longevity. Binary combinations of these materials have been
investigated in earlier research. For example, Zhang et showed
that adding MXene to PSCs based on CsPbBr, enhanced electron
transport and decreased interfacial resistance [7]. Likewise,
MWCNT incorporation into perovskite frameworks improved
thermal stability, according to Lee [8].

But the harmonious blending of all Page 4 of 18-Al Writing
Submission A new approach to creating hybrid composites
that combine effective light harvesting (by CsPbBr,), super
conductive routes (via MXene), and mechanical robustness (via
MWCNTs) is provided by the understudied submission of three
components (CsPbBr,/MXene/MWCNTs) [9]. The objective of
this study is to maximize the interactions between the various
materials (CsPbBr,, MXene, and MWCNTs) in a ternary
hybrid system by methodically examining their conductive,
optical, and absorptive characteristics. Building on prior
findings. We propose a novel composite architecture to enhance
the efficiency and stability, with performance benchmarks
against conventional systems. The study leverages advanced
characterization techniques and theoretical modeling to unravel
structure-property relationships, paving the way for scalable,
high-performance photovoltaic devices.
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Significance of CsPbBr; in Optoelectronics:

In the field of hybrid lead-halide perovskites (CHsNHsPbIs,
CsPbBrs, and CsPbCls), CsPbBrs perovskite provides a
unique combination of luminescence properties [10]. This
combination—comprising bright green emission at ~517 nm,
the narrowest full width at half maximum (FWHM) of 15
nm, and a high photoluminescence quantum yield of >80%—
makes CsPbBrs perovskite highly attractive for a variety of
optoelectronic devices such as lasers, solar cells, photodetectors,
and light-emitting diodes. The embodiment of such remarkable
properties has led to considerable effort to functionalize CsPbBrs
by combining it with different nanoscale materials in various
configurations, such as nanocomposites, nanohybrids, and
nanostructures [11,12]. MXene sheets can be modified at the
sub-micrometer scale and are capable of self-assembling into
advanced materials with precisely controlled structures. Flexible
Ti3C2Tx MXene nanosheets (T = —O, —OH) featuring desired
secondary architectures such as fibers, porous membranes,
and three-dimensional hollow spheres with excellent
electrochemical performances have been prepared through
directional assembly facilitated by introducing polydopamine,
an efficient bridge between Ti3C2Tx nanosheets. This strategy
enables the preparation of diverse, flexible Ti3C2Tx MXene-
based supercapacitors by controlling the size, structure, and
morphology of the assembled Ti3C2Tx skeletons [8,13]. This
study explores the structural, optical, and conductive properties
of a ternary CsPbBrs/MXene/MWCNTSs nanocomposite, with a
focus on its potential translational value in the biomedical field
[14]. By bridging advances in materials science with the pressing
needs of modern medicine, we aim to provide a foundation for
future development of safe, sustainable, and high-performance
medical technologies.

Materials and Methods.

Materials:

Technical grade 1-octadecene (ODE, 90%), sodium oleate,
oleic acid (OA, 99%), oleyl amine (OAM, 70%), lead (II)
bromide (PbBr,, 99%), and Cesium carbonate (Cs,CO,, 99.9%)
were obtained from Aladdin Industrial Company [15]. The
Milli-Q method was used to get water. Other compounds were
used without further purification because they were of analytical
grade. Ti,AlC, powders (Forssmann Scientific GmbH) and
lithium fluoride (LiF, 99.9%, Aladdin) were purchased in
addition to hydrochloric acid (9 mol/L). Multi-walled carbon
nanotubes (MWCNTSs) with a purity of 95%, diameter 8§20
nm, density 2.1 g/cm?, were purchased from VCN Materials.
Deionized water was the pure water used in the experiment.
All solvents and reagents are analytically safe and can be used
directly without any further purification [16].

Synthesis of CsPbBr; Quantum Dots:

In a 100 mL flask, Cs,CO, (0.814 g, Sigma-Aldrich), 30 mL of
octadecene (ODE, 90%, Alfa Aesar), and 2.5 mL of oleic acid
(OA, 90%, Alfa Aesar) were combined to create the Cs-oleate
solution. For one hour, the solution was maintained at 120
°C while being shielded by N2. To fully dissolve CsCO,, the
solution was then heated to 150 °C and kept at this temperature
for three hours. PbBr, (0.138 g, Sigma-Aldrich) and ODE (10
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mL, Alfa Aesar) were added to a 50 mL three-necked flask to
create CsPbBr, NPs. The flask was then maintained at 120°C for
one hour. Following that, OA and oleyl amine (OLA, Aladdin)
were added in a 1:1 volume ratio. The solution was heated to
160°C once all of the PbBr, had been dissolved. A 1 mL Cs-
oleate solution was then immediately injected. The colloidal
solution was chilled in an ice-water bath five seconds later.
Lastly, chlorobenzene was used to disseminate CsPbBr, NPs.

Syntheses of Ti;C,TX MXene Nanosheets:

A colloidal suspension of Ti,C,T, flakes was obtained via
sonication of multilayer Ti,C,T , after etching the MAX phase
Ti,AlC, in a LiF/HCI solution as described previously. Briefly,
Ti,AlC, (1.0 g) was gradually added to a 12 M HCl solution (10
mL) containing LiF (1.0 g) and left to stir for 24 h at 35 °C. The
solution was then cleaned five to eight times with deionized (DI)
water using a technique of agitation, centrifugation (3500 rpm/
2301 g for 2 min), and decantation. The solution was sonicated
in freezing water for one hour while exposed to argon gas until
the supernatant turned black. and centrifuged (5000 rpm/4696
g for 1 h) [17,18]. The CsPbBr, QD material was mixed with
the MXene material in a ratio of 0.05 mg/ ml to obtain a new
compound.

Compound manufacturing MXene, CstBr3:

Using ethanol as the solvent, CsPbBr: crystals and an MXene-
based substance were combined to create the composite at a
concentration of 0.05 mg/mL. To guarantee uniform dispersion,
the mixture was agitated with a magnetic stirrer at ambient
temperature (about 25°C). For a suitable amount of time
(usually 30 to 60 minutes), the stirring operation was continued
in order to promote even dispersion of MXene particles inside
the CsPbBr. matrix. It is anticipated that this process would
improve the components' physical or chemical interactions and
the final composite's qualities for possible use in electrical or
optoelectronic devices.

Syntheses of MXene, CsPbBr,, and MWCNTs:

Using ethanol as an organic solvent, 0.01 grams of carbon
nanotubes (MWCNTSs) and 1 gram of CsPbBrs/MXene were
combined to create a nanocomposite. To guarantee even
dispersion and encourage efficient interaction between the
nanomaterials, the mixture was sonicated for 30 minutes.
This process produces a well-integrated nanocomposite by
promoting improved surface contact and uniform component
distribution. Because of the elements' synergistic effects, it is
anticipated that the addition of CNTs to the CsPbBrs/MXene
matrix will enhance the final material's electrical and physical
characteristics. As depicted in Figure 1.

Characterization.

Transmission Electron Microscopy (TEM): Used to
examine particle morphology, interfacial bonding, and the
integration of the three components.

X-ray Diffraction (XRD): Employed to confirm
crystallographic phases and structural integrity of the composite.

UV-Visible Spectroscopy: Conducted to assess optical
absorption properties relevant to photothermal and photo
diagnostic applications.
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Figure 1. Diagram of the synthetic process of MXene, CsPbBr3, and MWCNTs.

Environmental Stability Testing: The composite was
exposed to simulated humidity and mild physiological saline
conditions to evaluate stability, an essential step for potential
biomedical deployment.

Results.

Ternary and hybrid materials exhibit superior surface
properties. MXene enhances conductivity and stability, while
multi-walled carbon nanotubes provide mechanical strength and
flexibility. These properties require future photovoltaic devices
to be flexible and durable.

Furthermore, the hierarchical porosity of multi-walled carbon
nanotubes (MWCNTs) provides the active site with a large
surface area available for light absorption. This property is
extremely useful in applications such as photocatalysts and
photodetectors, as well as supercapacitors, where surface
interactions dominate performance metrics. The combination of
MXene and CsPbBrs further enhances the potential for increased
moisture resistance. Acting as a barrier, the layered structure of
MXene prevents environmental chemicals that would normally
degrade perovskite materials from penetrating. By fusing the
encapsulation provided by MXenes with the hydrophobic
qualities of MWCNTs, the ternary composite performs better than
any other material in this regard. The integration of MXene and
MWCNTs optimizes charge extraction at interfaces by changing
the energy band alignment with CsPbBrs from the standpoint of
electronic structure. Charge buildup and recombination, which
are frequent in traditional perovskite layers, are decreased by
the advantageous band structure modulation. Spherical and
comparatively monodisperse nanoparticles are visible in the
TEM picture of CsPbBrs, which is characteristic of inorganic
perovskites made using solution-phase techniques. Good
surface quality and crystallinity are shown by the particles'
apparent smooth edges. For optoelectronic applications, the
uniformity of shape and size distribution is crucial because it
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improves light absorption and reduces charge recombination
paths. A small amount of agglomeration is seen, though, and
this could have an impact on the charge transport effectiveness
in a perovskite solar cell matrix.

The morphological characteristics of various materials and
composite structures used in optoelectronic or photovoltaic
devices are shown in a series of FE-SEM (Field Emission
Scanning Electron Microscopy) pictures in Figure 2. The
surface morphology of the pure CsPbBrs perovskite absorber
layer is shown in image (a). It exhibits comparatively large,
well-defined grains with a smooth texture, indicating high
crystallinity, which is necessary for decreased trap states and
effective charge transfer. The layered, wrinkled flakes in image
(b) are MXene sheets, which have a shape that promotes high
surface area and electrical conductivity, making them suitable
for use as interfacial layers or electron transport. Multi-walled
carbon nanotubes (MWCNTs), as seen in image (c), have an
entangled and fibrous network that should enhance charge
mobility and open up new channels for electron conduction.

A significant interaction between the two components is
suggested by the uniform distribution of CsPbBrs particles over
the MXene sheets in image (d), which displays the CsPbBrs/
MXene composite. Improved charge separation and transport
at the interface are made possible by this consistent covering.
The ternary composite of CsPbBrs/MXene/MWCNTs is further
depicted in image (e), where the hybrid structure preserves
the layered morphology with embedded nanotubes, creating a
more linked network that can enhance structural and electrical
capabilities. The macroscopic layer of the ternary composite
produced on glass substrates is finally shown in image (f),
illustrating the material's practical development into device-
relevant shapes. Important markers of good film-forming ability
and device integration potential are the film's homogeneity and
uniform covering.



Figure 2. Shows FE-SEM images of (a) CsPbBr, perovskite absorber layer, (b) MXene, (c) the MWCNTs, (d) CsPbBr /MXene, (e) CsPbBr /MXene

/CNTs and (f) Film CsPbBr /MXene/MWCNTs.

A transmission electron microscope (TEM) image of MXene
shows a wavy, layered structure typical of two-dimensional,
sheet-like transition metal carbides. Under the transmission
electron microscope, these sheets appear wrinkled and
transparent, indicating that they are composed of a few layers.
Thanks to its large surface area and high electrical conductivity,
MXene is an ideal choice for electrode materials or charge-
transport layers in hybrid solar cells. Furthermore, by facilitating
efficient interaction with other materials such as CsPbBrs3, its
distinctive shape enhances interfacial contact. When MXene
nanoparticles are partially embedded in CsPbBrs layers, as
shown in the TEM image of a CsPbBr;i/MXene composite,
this demonstrates successful hybridization, with a conductive
scaffold composed of the MXene matrix supporting the
perovskite particles, reducing surface resistance and improving
charge separation The MXene layers enhance the perovskite
phase's resistance to degradation. This is demonstrated by its
ability to act as a moisture barrier and electron conductor.

A transmission electron microscope (TEM) image of the
CsPbBr:s/MXene/CNTs ternary composite reveals a more
complex and interconnected structure. The bonding between
the MXene flakes and the perovskite particles creates an
interconnected network of carbon nanotubes (CNTs). This
interconnected network structure reduces recombination losses
and enables rapid electron flow. As shown in Figure 3, the
mechanical support provided by the carbon nanotubes in flexible
solar cell designs can also improve the film's durability. X-ray
diffraction (XRD) patterns confirm the material's structure and
crystallinity. The existence of a sequence of peaks at increasing
20 angles with the labels (100), (110), (200), (210), (211),
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and (220), indicates a well-crystalline CsPbBrs perovskite
phase, which is mostly cubic Pm-3m or near it. With a weaker
shoulder/peak near [1430101430) (graphite (100) reflection),
MWCNTs (graphite (002) reflection) are usually responsible for
a noticeable peak around 2[1=25-26 and 20~25-26[1. Usually
seen in the angular depression 26=~6—9([] (broadened (002)
reflection due to layer separation), MXene peaks (TizC:TJx or
similar) can be seen as a low-intensity peak/bump at the start
of the angular space. Phase summary: There is no discernible
disintegration into phases like PbBr2, at least not within the
plot's particular detection limit, since the spectrum clearly
demonstrates the coexistence of phases (CsPbBrs + MWCNTs
+ MXene) without any notable strong impurity peaks. Improved
electron transport: MXene provides conductive pathways and
faster electron extraction than CsPbBrs, which is not directly
apparent in XRD but is reflected in enhanced crystallinity
and reduced surface defects (cleaner peaks). Defect reduction
and structural compactness: The presence of MWCNTs
provides a three-dimensional support that reduces stress during
crystallisation, which may be reflected in slightly narrower peaks
and higher perovskite peak intensities. Structural stability: The
absence of significant impurity peaks suggests a stable CsPbBr3
phase within the hybrid matrix, which is beneficial for solar cell
stability.

Because of its direct bandgap of roughly 2.3 eV, the material
CsPbBr3 shows a distinct absorption peak in the visible portion
of the electromagnetic spectrum (roughly 500-550 nm) as
indicated in Figure 5(a). As a result, it is capable of efficiently
absorbing blue-green light and converting those wavelengths
into electrical energy. Its inability to properly exploit the sun



——

Figure 3. Shows TEM images of (a) CsPbBr, perovskite absorber layer, (b) MXene, (c) MWCNTS, (d) CsPbBr /MXene, (e) CsPbBr /MXene /CNTs
and (f) material composite CsPbBr /MXene /MWCNTs.
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Figure 4. XRD patterns of MXene-CsPbBr -MWCNTs composite material.
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Figure 5. UV-Vi’s absorption spectra of (a) CsPbBr, (b) MXene, (c) CsPbBr /MXene, and (d) CsPbBr /MXene/ MWCNTS.

spectrum is caused by its relatively narrow absorption range,
which does not extend to longer. However, MXene (Figure
5(b)) exhibits broad absorption, with a secondary peak around
800—1000 nm, especially in the visible and near-infrared (NIR)
regions. This results from its metallic characteristics and surface
functional groups (such as -O or -OH), which improve surface
plasmon resonance—the interaction between free electrons and
photons. It is less successful when employed alone in solar cell
applications because of its lower visual absorption intensity
when compared to perovskite materials.

When CsPbBr, and MXene are combined (Figure 5(c)),
the spectra are extended to 400—700 nm, and the range and
intensity of absorption are significantly improved. The reason
for this synergy is that MXene's nanostructure increases the
surface area available for light absorption while simultaneously
improving electrical charge transfer and decreasing electron-
hole recombination. Furthermore, the bandgap may be slightly
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altered by interactions between the two materials, expanding
absorption toward longer wavelengths.

When carbon nanotubes (MWCNTs) are added to create the
ternary composite CsPbBr,/MXene/CNTs, the efficiency peaks
(Figure5 (d). With a prominent peak in the visible spectrum
and a noticeable extension into the infrared, this composite
shows the highest absorption strength and the broadest range
(400-1100 nm). By creating a nanoscale network that promotes
charge transfer between components, CNTs improve electrical
conductivity and increase NIR absorption (~1000 nm) as a result
of electron transitions in their tubular structure. Additionally,
the three-dimensional structure lengthens photon paths and
improves overall absorption by increasing light scattering
within the material. In contrast, the best material for solar cell
applications is the ternary composite (CsPbBr,/MXene/CNTs).
It combines enhanced charge transport, wide infrared coverage
(from MXene and CNTs), and significant visible absorption



Table 1. XRD data of MXene-CsPbBr -MWCNTs composite material.

.. . |Average
20 (Deg.) (F];Z;M glrrfl ;ta““e size Crystfuite size
(nm)
20.10 0.86 (100) 9.52
34.50 0.29 (110) 28.68
37.68 021 (200) 39.97
41.10 0.28 (210) 30.12
45.75 033 @11) 26.13 27.99
56.95 0.20 (220) 45.21
60.05 0.40 (221) 22.60
65.45 0.25 (310) 36.17
70.76 0.74 G11)[13.17

(from CsPbBr,). Theoretically, this compound might increase
cell efficiency from around 20% to about 28% by using about
45% of the solar spectrum, as opposed to about 30% for
CsPbBr, alone. These composites are therefore the best option
for increasing the efficiency of perovskite solar cells because
they strike a compromise between efficient light absorption and
optimal charge transfer.

Environmental Stability.

When subjected to controlled humidity and mild saline
exposure, the CsPbBrs/MXene/MWCNTs composite maintained
its structural and optical properties with minimal degradation
over a two-week observation period. The hydrophobic nature
of MWCNTs and the barrier effect of MXene layers provided
resistance against moisture-induced deterioration, suggesting
strong potential for use in real-world biomedical environments.

Summary of Functional Relevance.

The integration of optoelectronic performance, mechanical
stability, and environmental safety in a single composite material
highlights its versatility for medical applications. Whether as
a photothermal therapeutic agent, a component in wearable
biosensors, or a diagnostic imaging enhancer, the composite’s
properties address the core requirements of modern, eco-safe
medical technology.

Discussion.

The present study demonstrates that the ternary CsPbBrs/
MXene/MWCNTs  nanocomposite  combines  structural
stability, broad-spectrum optical absorption, and enhanced
charge transport in a manner that aligns closely with the needs
of next-generation biomedical technologies [19]. While these
materials have previously been explored for photovoltaic and
optoelectronic purposes, our findings expand their relevance
into the medical domain, particularly for applications that
require precision, environmental safety, and long-term stability
[20].

The high crystallinity and phase purity observed in our
composite are consistent with earlier reports on CsPbBrs
perovskites, which have been recognized for their strong light-
harvesting capabilities and photoluminescent properties [7].
However, perovskite materials alone have historically faced
challenges related to environmental degradation, especially
under humidity or in aqueous environments. Our integration
of MXene nanosheets directly addresses this limitation. The
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protective barrier function of MXenes, as previously highlighted
in energy device studies, is equally beneficial in biomedical
contexts where exposure to bodily fluids can rapidly degrade
unstable materials [21].

The role of MWCNTs in reinforcing mechanical strength
and facilitating additional charge transport channels is
also noteworthy. Prior research has shown that MWCNT
incorporation improves conductivity and resilience in composite
films, making them suitable for flexible devices. In the context
of medical devices, such flexibility and durability are critical for
wearable biosensors and implantable health monitors, which must
endure physical stress while maintaining performance [22].

The optical characteristics of the composite, particularly
its extended absorption range into the near-infrared (NIR)
spectrum, open new avenues for photothermal therapy (PTT)
and biomedical imaging. NIR light can penetrate deeper into
biological tissues, enabling non-invasive treatment of tumors
and high-contrast imaging of internal structures [23]. Our
findings are in agreement with studies that have demonstrated
the potential of NIR-absorbing nanomaterials for targeted
cancer therapy [24]. Furthermore, the ability to fine-tune
absorption properties through material composition enhances
the possibility of designing multifunctional devices capable of
both diagnosis and treatment [24,25].

Another critical aspect of this work is the eco-safe and
potentially biocompatible nature of the synthesis process
and final composite. All synthesis steps employed non-toxic
solvents and minimized hazardous by-products, aligning with
green chemistry principles. This approach is essential in medical
material development, as biocompatibility and environmental
safety are now recognized as fundamental parameters alongside
performance metrics. While our current study did not include in
vitro cytotoxicity testing, the stability of the composite under
mild saline conditions is encouraging and warrants further
biological evaluation. From a translational perspective, the
combination of MXene's conductivity, MWCNT's mechanical
reinforcement, and CsPbBr's optoelectronic efficiency positions
this composite as a strong candidate for:

1. Biosensing platforms capable of detecting disease
biomarkers with high sensitivity.

2. Photothermal therapeutic systems for non-invasive
cancer treatment.

3. Wearable health monitors
physiological data capture.

4. Diagnostic imaging agents
photoacoustic signals [26].

Future studies should focus on comprehensive cytotoxicity
assessments, hemocompatibility testing, and in vivo trials to
confirm safety and functional efficacy in clinical settings. The
scalability of the synthesis process also needs to be validated
to ensure cost-effective production for widespread medical
use [27]. In summary, the CsPbBrs/MXene/MWCNTs hybrid
nanocomposite demonstrates a unique synergy of properties
that are not only relevant to energy devices but are also highly
adaptable to the demands of modern healthcare [28]. Its
environmental safety profile, optical versatility, and mechanical
resilience highlight its promise as a cornerstone material for
sustainable, high-performance biomedical technologies.

integrating real-time

enhancing optical or



Future Directions.

The results of the current study have a high degree of
certainty, but research is ongoing until its applications are fully
confirmed. Therefore, this research is considered preliminary.
Advancements in integrative bio-nanotechnology promise
more sophisticated protective, diagnostic, and therapeutical
approaches for melding nanotechnology with nanomedicine.
Nevertheless, it remains critical to seek bold discoveries within
nanomaterial research that deepen the understanding of their
toxicity and environmental impact [29]. Eco-safe CsPbBr,
perovskite quantum dots were hybridized with Ti3C2Tx
MXene sheets and multiwalled carbon nanotubes (MWCNTS).
Structural characterization uncovered CsPbBr, nanograins
with sizes down to 2 nm distributed on Ti3C2Tx nanosheets
[30-32]. Deconvolution of the comixture photoluminescence
(PL) emissions into their perchloric and hydrated nanoparticles
evidenced a protective effect from MWCNTSs on the CsPbBr,
QDs. Absorbance and conductivity measurements disclosed the
increasing trends towards enhanced charge transport along the
bent perovskite/MXene/MWCNT interfaces [33]. The emission
of the CsPbBr,/MXene/MWCNT samples can be modulated
from green to pale white by varying the constituent ratios.
These optoelectronic features are ascribed to the formation
of high-quality heterojunctions with improved surface
passivations, opening new opportunities for eco-friendly hybrid
nanocomposites in health applications [34-36].

Conclusion.

Eco-safe CsPbBr,/MXene/MWCNTSs hybrid nanocomposites
have been studied as promising materials for health-related
applications based on their structural and optoelectronic
properties. Their nanoscale surface structure and morphology
indicate that combinations of these materials are feasible.
Photoluminescence and optical absorption measurements
indicate that their optoelectronic properties are tunable and
suitable for integration into customized biocompatible systems.
Electrical measurements show Ohmic behavior, while time-
resolved photoluminescence reveals that charge carrier transport
mechanisms can be tailored to enhance electron-to-hole
transport rates. The capability of these hybrid nanocomposites
to provide controllable rates of carrier transport can be exploited
for biomolecule delivery, biosensing, fluorescent ion detection,
biological imaging, targeted drug delivery, and as agent
enhancers of photo-dynamic and photo-thermal therapy. The
composite design and development of non-toxic, renewable
CsPbBr,/MXene/MWCNT/nanocomposites demonstrate
that environmentally friendly synthesis methods can produce
multifunctional hybrid structures with controllable/engineered
optoelectronic characteristics. These materials represent a key
milestone for future multifunctional medical applications.
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